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This Letter describes the synthesis and antiviral activity study of some glycyrrhizic acid (GL) derivatives
against influenza A/H1N1/pdm09 virus in MDCK cells. Conjugation of GL with L-amino acids or their
methyl esters, and amino sugar (p-galactose amine) dramatically changed its activity. The most active
compounds were GL conjugates with aromatic amino acids methyl esters (phenylalanine and tyrosine)

(SI'=61 and 38), and S-benzyl-cysteine (SI=71). Thus modification of GL is a perspective route in the
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search of new antivirals, and some of GL derivatives are potent as anti-influenza A/HIN1 agents.

© 2015 Elsevier Ltd. All rights reserved.

The search for new antiviral agents is one of the most important
tasks of chemistry and medicine because of wide spread of socially
dangerous viral infections such as HIV, hepatitis B and C, and the
emergence of new viral infections (‘avian flu’ and ‘swine flu’, influ-
enza A/HIN1, Ebola fever etc.).'” The pandemic of influenza A/
H1N1 (Spanish flu) in 1918-1919 claimed 40 million lives, Asian
influenza virus A/H2N2 in 1957 has led to death of 4 million per-
sons, and 2 million persons have been died in Hong Kong in
1968 by the pandemic influenza A (H3N2).>~> The appearance of
novel strain of influenza A in April 2009 (‘swine flu’) caused
162,380 cases and 1154 deaths in 168 countries,®” and the
World Health Organization (WHO) declared the pandemic influ-
enza caused by a new strain of HIN1, which was identified as influ-
enza virus formed as a result of a triple reassortment of swine,
avian and human viruses and called influenza A/HIN1pdm09.5-1°

Currently, two classes of antiviral drugs of adamantane
structure—Amantadine and Rimantadine, and the neuraminidase
inhibitors—Zanamivir/Relenza (GlaxoWellcome/Biota) and
Oseltamivir/Tamiflu (Hoffman-La-Roche/Gilead) are used in medi-
cine for the treatment of influenza, but both groups of compounds
have drawbacks and are characterized by a viral resistance appear-
ance.''? Numerous chemical compounds, which did not reach
clinical trials belong to the different chemical classes exhibiting
different levels of anti-influenza activity in vitro and in vivo, and
are directed at different targets in the viral life cycle.’*"'° At
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present an any research studies targeting the search of new
antivirals against influenza A virus are of high priority in drug
development, and are oriented to the search of new compounds
or modification of already known compounds-leaders with the
proved antiviral activity.!”!®

One of the modern and innovative approaches in the search of
new antivirals is an application of available natural compounds
or plant metabolites with a new mechanism of antiviral activity.
Natural compounds and their derivatives are promising new candi-
dates for the treatment of viral, bacterial and fungal infections.'?%°

Glycyrrhizic acid (GL) (1), a major triterpene glycoside isolated
from Glycyrrhiza glabra L. (licorice) and GL uralensis Fisher roots, is
the leading natural glycoside and promising scaffold for creation of
new antiviral agents.?!~>* To date GL is a principal plant derived
metabolite suitable for the long-term treatment of HIV infection
as it does not lead to emergence of drug resistance.’*?°
Preparation SNMC (Stronger neo-Minophagen Co.) containing GL
was used for a long term chemotherapy of viral hepatitis B and
C.25 GLis attractive due its ability to stimulate y-interferon produc-
tion in vitro and in vivo, and low toxicity (LDso 5000 mg/kg). But GL
is active as an antiviral agent in vivo in high doses and causes some
side effects connecting with its structural similarity to corticos-
teroids, it may influence on a water-salt interchange, intensify of
Na*-content retention and reduce K*-content in some patients.?’

We reported previously that biological activity of GL could be
improved by its chemical modifications and some semisynthetic
GL derivatives were found as potent immune modulators and
anti-viral agents.”® Among GL derivatives new inhibitors of
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SARS-associated coronavirus,”® Epstein-Barr virus,*° and anti-HIV
agents®'3? were found. Structure-activity relationships study of
GL derivatives as influenza A/H1N1 virus inhibitors was not carried
out still. This Letter is devoted to the synthesis and anti-viral activ-
ity evaluation of some GL derivatives and analogs against influenza
A/H1N1/pdmO09 virus in vitro.

GL 1 was isolated and purified from GI. uralensis Fisher roots col-
lected in Siberia as was described previously?” and had a purity
95 + 1% according to HPLC. Experimental details are given in the
References and notes.>> GL conjugates (2-4) were synthesized by
condensation of glycoside 1 with r-amino acids methyl esters at
room temperature (22-25 °C) (rt) by using N-hydroxybenzotria-
zole (HOBt) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (DEC) in the molar ratio 1/3.5/3.5/3.5.3 Yields of

Stereo isomeric 18a-GL (15) was produced by the alkaline iso-
merization of GL according to method.*? Its derivatives (16, 17)
to be conjugates with methyl esters of r-aspartic acid were
described previously.>®> GL analog (18) was prepared by reduction
of GL trimethyl ester with NaBH, according to method.*®
Glycoside (19) with reduced C''=0 group was synthesized by
reduction of GA with NaBH, in 2-PrOH as described before.**

GL 1 and its derivatives and analogs 2-19 were evaluated for
their inhibitory activity against pandemic influenza A/H1N1/
pdmO039 virus in the MDCK cells.*> Cytotoxicity of compounds was
evaluated in MDCK cells by a cell viability assay.’® Number of
viable cells was evaluated by a microtetrazolium test (MTT)*’
and CTDsq (compound concentration required to reduce 50% cell
viability) value was estimated for each compound.

1 R=R'=0H
2 R=R!=Phe-OMe

3 R=R'=Tyr-OMe

COR!
o 0 4 R=R!=1le-OMe
HO 1
5R=0H, R' = Phe-OMe
COR! o}
o 6 R=OH, R' = Tyr-OMe
HO .
" 7R =OH, R' = Val-OMe
OH
8 R =OH, R' = Hys-OMe
9 R = OH, R! = Asp(OMe)-OMe
H,OH
o0 NH— 10 R = OH, R' = Cys(Bn)-OBu’
14R=OH, R!=
R OH 11 R = OH, R' = Cys(Bn)-OH
H
H 12 R = OH, R! = Lys(Z)-OBu’

13 R=OH, R' = Lys(Z)-OH

Bn = benzyl

Z = carbobenzoxy
Bu'= tert-butyl

target compounds were 90-92%. Analytical and spectral data of
compounds 2-4 were similar to those received previously by using
HOBt-N,N'-dicyclohexylcarbodiimide (DCC).>*

GL conjugates (5-9) with free 30-COOH were prepared by the
activated esters method by using N-hydroxysucinimide (HOSu)—
DCC and 2.0-2.5 molar ratio of reagents and at 0-5°C as was
reported previously.>'*® Target compounds were isolated by col-
umn chromatography (CC) on silica gel (SL) with 55-60% yields.
Structures of new compounds 5-7 were confirmed by IR and
NMR '3C data. There are signals of free 30-COOH at 180.3-
180.8 ppm as in the '3C NMR GA.*” Analytical and spectral data
for new compounds 5-7 are given in the References and notes.*®
Analytical and spectral data for compounds 8 and 9 were similar
to those synthesized before.”>*! Compounds (11) and (13) contain-
ing free amino acids have been synthesized previously by using
HOSu-DCC and S-benzyl(Bn)-cysteine- or N®-carbobenzoxy(Z)-
lysine tert-butyl esters hydrochlorides.>*“° tert-Butyl ester groups
of protected conjugates 10 and 12 were deleted with 50%
CF3COOH in DCM and pure compounds 11 and 13 were isolated
by CC on SL. GL conjugate with p-galactose amine (14) connected
to the carbohydrate part of glycoside by CONH-bonds was synthe-
sized as described before.*!

Anti-viral activity of compounds was evaluated by quan-
tification virus yield using the end-point dilution method.*®
Rimantadine was used as a reference compound. Assay details
are given in the References and notes.*® Anti-viral activity of the
test compounds was evaluated by their ability to decrease the virus
titer and 50% of the effective dose (EDsg) (concentration of com-
pound that decreases the virus production two-fold comparing to
control) was calculated. Selectivity index (SI) was calculated as
relation of CTDso to EDso. The compounds having SI > 10 were
considered active.

The results of experiments are shown in Table 1. As can be seen
from the data presented, GL (95 + 1% of purity) possessed low cyto-
toxicity (high value of CTDsp) and did not show anti-viral activity
against pandemic influenza A/HIN1 virus (SI=1). Conjugates of
GL containing three residues of amino acids methyl esters 2-4
were more active. The most active among them was compound 2
with three residues of phenylalanine methyl ester (SI =28), com-
pound 3 containing tyrosine methyl ester residues was less active
(SI'=18). Modification of glycoside part of GL by introduction of
amino acids methyl esters residues changed both cytotoxicity
and anti-viral activity of GL derivatives. The most active GL conju-
gates with free C-30 COOH were compounds 5 (ECso=4.3 uM,
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SI=61) and 6 (ECs0=6.8 uM, SI=38). Introduction of phenylala-
nine or tyrosine methyl ester residues into the carbohydrate part
of GL almost did not change toxicity but potentiated anti-viral
activity in 61 times for conjugate 5 and 38 times for compound
6. Conjugation of GL with S-benzyl-cysteine (compound 11) led
to increase in anti-viral activity in 71 times (ECso=3.5 uM,
SI=71). Compounds 5, 6 and 11 had more wide SI values than
Rimantadine (in 12.2, 7.8, and 14.2 times, respectively).

COOH

i, 15R=O0H

COR

Conjugation of GL with amino acids containing two COOH
groups such as aspartic acid dimethyl ester led to the sharp
increase of cytotoxicity, and does not confer virus-inhibiting prop-
erties (compound 9). Modification of glycoside with a long chaired
diamine acid like Z-lysine just slightly increased antiviral activity
(compound 13). Introduction of heterocyclic amino acid as his-
tidine (compound 8) almost did not influence to cytotoxicity but
potentiated anti-viral activity as compared GL in 15 times.
Conjugation of GL with p-galactose amine (compound 14) led to
significant increase of virus-inhibiting activity (SI = 36).

COOMe

CH,0H
o
HO
HO
CH,OH o

o

HO
HO
18
OH

Stereo isomeric 18a-GL 15 was in 7.7 times more toxic to cells
(CDsg = 47.5) than natural glycoside 1 (18), and had a week anti-
viral activity. Its derivatives 16 and 17 to be aspartic acid methyl
esters conjugates were more cytotoxic and less active than the
similar derivative of GL 9.

COOH

COOH
o
HO
HO

COOH o

o
HO

OH

Change of the carbohydrate part of GL to B-soforoside does
not change the cytotoxicity of glycoside but reduces the ECsg
in ~5 times and just rises the anti-viral activity. GL analog
19 missing C''=0 group and containing 9(11),12(13)-diene
system in the triterpene part was more toxic (in 17 times)
for MDCK cells than natural glycoside, and had in 174 times
less value of ECso. But its anti-viral activity was moderate
(SI=10).

16 R = Asp(OMe)-OMe

17 R = Asp(OMe)-OH

Thus according to our structure-activity study GL had no sig-
nificant anti-viral activity against influenza A/H1N1/pdmQ9 virus,
and two stereoisomers 1 and 15 differed substantially in their toxi-
city. Conjugation of GL with amino acids or their methyl esters, and
amino sugar dramatically changed its activity. The most active
compounds are conjugates of GL 5, 6, 11 and 14. Introduction of
cysteine or phenylalanine moieties into the carbohydrate part of
GA appeared to be the most efficient in terms of anti-viral activity
in relation to influenza A/H1N1/pdmO09 virus. This result is
corresponding to our previous data concerning anti-viral activity
of GL derivatives against SARS-CoV.?° Presence of free 30-COOH
group is important for anti-viral activity of GA conjugates with
amino acids.

Previously, Utsunomiya et al.”” have demonstrated that due to
GL ability to induce interferon-v, it exerts strong protective activity
on the model of lethal influenza infection in white mouse infected
with as high virus dose as 10 LDsq. In influenza-infected human
macrophages, its application resulted in dramatic decrease of pro-
duction of pro-inflammatory cytokines.’! Its mechanism of activity

1.50

Table 1
Antiviral activity of GL and derivatives against influenza virus A/HIN1/pdm09 in
MDCK cells®

Compounds CDsp (LM) ECsp (LM) SI
1 364.6 364.6 1
2 133.2 4.8 28
3 159.5 8.7 18
4 16.4 2.6 6
5 262 4.3 61
6 254.8 6.8 38
7 29.1 5.7 5
8 298.1 20.4 15
9 373 26.6 1
11 248.1 35 71
13 154.7 54.6 3
14 259.4 7.2 36
15 47.5 15.2 3
16 38.0 9.9 4
17 58.3 4.7 12
18 370.8 68.1 5
19 214 2.1 10
Rimantadine 334.0 66.7 5

@ The values of ECso and CTDso are mean of three different experiments, four
parallels in each.
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is supposed to be linked with decreasing of membrane fluidity, that
is, necessary for the fusion of viral envelope with cell membrane in
the course of viral life cycle.

Our results show that modification of GL is a perspective route
in the search of new antivirals, and some of GL derivatives are
potent as anti-influenza agents. But further studies are necessary
to decipher the exact mechanism of anti-viral activity of GA
derivatives.

Acknowledgments

This work was financially supported by the Russian Science
Foundation (grant 14-03-01307).

References and notes

1. Hampson, A. W. Med. J. Aust. 2006, 185, S39.

2. Black, M.; Armstrong, P. NSW Public Health Bull. 2006, 17, 99.

3]. Russel, C. ].; Webster, R. C. Cell 2005, 123, 368.

4. Swartz, K. A.; Luby, ]J. P. Tex. Med. 2007, 103, 31.

5. Heikkinen, L. S.; Kazlauskas, A.; Melen, K.; Wagner, R.; Ziegler, Th.; Julkunen, L.;
Saksela, K. J. Biol. Chem. 2008, 283, 5719.

6. Itoh, Y.; Shinya, K.; Kiso, M.; Watanabe, T.; Sakoda, Y.; Hatta, M.; Muramoto, Y.;
Tamura, D.; Sakai-Tagawa, Y.; Noda, T.; Sakabe, S.; Imai, M.; Hatta, Y.;
Watanabe, S. Nature 2009, 460, 1021.

7. Saxena, S. K.; Mishra, N.; Saxena, R.; Saxena, Sh. Future Microbiol. 2009, 4, 945.

8. Hampson, A. W. Influenza Respir. Viruses 2009, 3, 119.

9. Blockwell-Staats, C.; Webster, R. G.; Webby, R. ]. Influenza Respir. Viruses 2009,
3, 207.

10. Peitris, J. S. M.; Tu, W. W.; Yen, H. L. Eur. J. Immunol. 2009, 39, 2946.

11. Hurt, A. C.; Selleck, P.; Komadina, N.; Shaw, R.; Brown, L.; Barr, I. G. Antiviral Res.
2007, 7, 228.

12. Zhang, ].; Xu, W. Mini-Rev. Med. Chem. 2006, 6, 429.

13. Wolf, M. C; Freiberg, A. N.; Zhang, T.; Akyol-Ataman, Z.; Grock, A.; Hong, P. W.;
Li, J.; Watson, N. F.; Fang, A. Q.; Aguilar, H. C.; Porotto, M.; Honko, A. N.;
Damoiseaux, R.; Miller, J. P.; Woodson, S. E.; Chantasirivisal, S.; Fontanes, V.;
Negrete, O. A.; Krogstad, P.; Dasgupta, A.; Moscona, A.; Hensley, L. E.; Whelan,
S. P.; Faull, K. F.; Holbrook, M. R.; Jung, M. E.; Lee, B. Proc. Natl. Acad. Sci. US.A.
2010, 107, 3157.

14. Iwai, Y.; Takahashi, H.; Hatakeyama, D.; Motoshima, K.; Ishikawa, M.; Sugita,
K.; Hashimoto, Y.; Harada, Y.; Itamura, Sh.; Kuzuhara, T. Bioorg. Med. Chem.
2010, 78, 5379.

15. Saha, R. K.; Takahashi, T.; Kurebayashi, Y.; Fukushima, K.; Minami, A.; Kinbara,
N.; Ichitani, M.; Sagesaka, Y. M.; Suzuki, T. Antiviral Res. 2010, 88, 10.

16. Song, G.; Yang, S.; Zhang, W.; Cao, Y.; Wang, P.; Ding, N.; Zhang, Z.; Guo, Y.; Li,
Y. J. Med. Chem. 2009, 52, 7368.

17. Mitrasinovic, P. M. Biophys. Chem. 2009, 140, 35.

18. Itzstein, M.; Thomson, R. Handb. Exp. Pharmacol. 2009, 111.

19. Rollinger, J. M.; Langer, T.; Stuppner, H. Curr. Med. Chem. 2006, 13, 1491.

20. Bauer, A.; Bronstrup, M. Nat. Prod. Rep. 2014, 31, 35.

21. Baltina, L. A.; Kondratenko, R. M.; Baltina, L. A.; Plyasunova, O. A.; Pokrovsky, A.
G.; Tolstikov, G. A. Pharm. Chem. J. 2009, 43, 539.

22. Pompei, R.; Laconi, S.; Ingianni, A. Mini-Rev. Med. Chem. 2009, 9, 996.

23. Baltina, L. A.; Chistoedova, E. S.; Baltina, L. A.; Kondratenko, R. M.; Plyasunova,
0. A. Chem. Nat. Comp. 2012, 48, 262.

24. De Clerq, E. J. Med. Chem. 1995, 38, 2491.

25. Vlietinck, A. J.; De Bruyne, T.; Apers, S.; Pieters, L. A. Planta Med. 1998, 64, 97.

26. Sato, H.; Goto, W.; Yamamura, ]J.; Kurokawa, M.; Kageyama, S.; Takahara, T.;
Watanabe, A.; Shiraki, K. Antiviral Res. 1996, 30, 171.

27. Tolstikov, G. A.; Baltina, L. A.; Grankina, V. P.; Kondratenko, R. M.; Tolstikova, T.
G. Licorice: Biodiversity, Chemistry, and Application in Medicine; Academic
Publishing House Geo: Novosibirsk, 2007.

28. Baltina, L. A. Curr. Med. Chem. 2003, 10, 155.

29. Hoever, H.; Baltina, L. A.; Nichaelis, M.; Kondratenko, R. M.; Baltina, L. A.;
Tolstikov, G. A.; Doerr, H. W.; Cinatl, J. J. Med. Chem. 2005, 48, 1256.

30. Lin,J. C,; Cherng, J. M.; Hung, M. S.; Baltina, L. A.; Baltina, L. A.; Kondratenko, R.
M. Antiviral Res. 2008, 79, 6.

31. Kondratenko, R. M.; Baltina, L. A.; Baltina, L. A.; Plyasunova, O. A.; Pokrovskii, A.
G.; Tolstikov, G. A. Pharm. Chem. J. 2009, 43, 383.

32. Baltina, L. A.; Kondratenko, R. M.; Baltina, L. A.; Baschenko, N. Z.; Plyasunova, O.
A. Russian J. Bioorg. Chem. 2009, 35, 510.

33. Experimental: IR spectra were recorded in mineral oil mulls on a Specord M-80
spectrophotometer. NMR spectra were recorded in CD;0D with TMS internal
standard on a Bruker AMX-300 spectrometer at operating frequency 300 (*H)
and 75.5 (3C) MHz. Optical activity was measured in a 1-dm tube on a Perkin-
Elmer 341 MC polarimeter. Thin layer chromatography (TLC) was performed
on silica gel shits (Sorbfil plates, Sorbpolimer) using CHCl;-MeOH-H,0
mixture (45:10:1, v %). Spots were detected by H,SO, solution (5%) in EtOH
with subsequent heating at 110-120 °C for 2-3 min. Column chromatography
was carried out over silica gel KSK SG (50-150 fraction, dry classification)
(Sorbpolimer) by wusing a gradient mixture CHCl3-MeOH-H,0

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

(400:10:1 — 50:10:1, v %). The HPLC analysis were performed on a DuPont
chromatograph with an absorbance detector at 254 nm over a Jupiter 5 L C18
reversed-phase column with mobile phase (MP) MeOH-H,0-AcOH (60:35:5,
v %) for GA and over a Chromsil CN column with MP phosphate buffer (pH
5.17):CH3CN:dioxane (210:15:10, v%) for 18a-GA at flow rate 1 mL/min
(sample concentration 2 mg/mL). We used commercially available DCC, DEC,
HOBt, HOSu (Aldrich), .-amino acids and their derivatives (Reanal). All solvents
and NEM were distilled.

General method for synthesis of compounds 2-4. N-hydroxybenzotriazole
(3.5 mmol), 1-(3-dimethylaminopropyl)-3-ehylcarbodiimide hydrochloride
(3.5 mmol) were added to GA (1 mmol) solution in 15-20 mL DMF-pyridine
mixture (1:1) at 0-5 °C and mixed for 1 h at 0-5 °C and 5-6 h at rt. Then amino
acid methyl ester hydrochloride (3.5 mmol), and N-ethylmorpholine (5-
6 mmol) were added to a mixture and stored at rt for a night. Then a
reaction mixture was diluted with cold water, acidified with citric acid (pH
~3-4), and a precipitate was filtered off, washed with water, and dried.
Analytical samples were received by precipitation from ethanol-water
mixtures as powders. All of the target compounds were pure according TLC.
Baltina, L. A.; Ryzova, S. A.; Vasileva, E. V.; Kapina, A. P.; Tolstikov, G. A. Zh.
Obshch. Khim. 1993, 63, 2140.

Kondratenko, R. M.; Baltina, L. A.; Vasil’eva, E. V.; Nasyrov, Kh. M.; Kireeva, R.
M.; Baschenko, N. Zh.; Fridman, S. M.; Baltina, L. A.; Tolstikov, G. A. Russian J.
Bioorg. Chem. 2004, 30, 148.

Baltina, L. A.; Kunert, O.; Fatykhov, A. A.; Kondratenko, R. M.; Spirikhin, L. V.;
Baltina, L. A.; Galin, F. Z.; Tolstikov, G. A.; Haslinger, E. Chem. Nat. Compd. 2005,
41, 432.

Compound 5. Yield 55.6%; [«]3° +62° (c 0.04, EtOH). IR spectrum (v, cm™'):
3600-3200, 1729, 1662, 1616, 1538, 1521. '3C NMR (CDs0D) § (ppm): 40.3
(C1), 27.4 (€2), 90.7 (C3), 40.7 (C4), 56.4 (C5), 18.5 (C6), 33.8 (C7), 46.8 (C8),
63.1 (C9), 38.1 (€C10), 202.6 (C11), 128.2 (C12), 171.2 (C13), 44.6 (C14), 27.4
(C15),27.6 (C16),33.0(C17),42.5(C19), 44.9 (C20), 32.0 (C21),39.0 (C22), 28.4
(€23), 17.1 (C24), 17.4 (C25), 19.3 (C26), 23.9 (C27), 28.8 (€28), 29.2 (C29),
180.4 (C30), 104.7 (C1’), 81.0 (€C2'), 75.9 (C3'), 73.4 (C4'), 77.3 (C5'), 172.3 (CE'),
104.9 (C1"), 75.4 (C2"), 75.8 (C3"), 73.5 (C4"), 77.9 (C5"), 172.3 (C6"); 2Phe-
OMe: 173.0, 172.9, 137.6, 130.5-128.9, 54.9, 54.5, 53.00, 52.9. Found: N, 2.3%,
calcd for CgpHgsO18N3: N, 2.4%.

Compound 6, yield 56.5%; [«]3° +55° (¢ 0.04, MeOH); IR (v, cm~"): 3600-3200,
1734, 1665, 1615, 1597, 1516. '*C NMR (CDs0D) 6 (ppm): 40.6 (C1), 27.2 (C2),
90.6 (C3), 40.6 (C4), 56.4 (C5), 18.4 (C6), 33.8 (C7), 46.7 (C8), 63.1 (C9), 38.0
(€10),202.6 (C11), 128.9 (C12), 171.2 (C13), 44.6 (C14), 27.3 (C15), 27.6 (C16),
32.9(C17),48.2(C18),42.4 (C19), 44.9 (C20), 32.0 (C21), 39.0 (C22), 28.5 (C23),
17.1 (C24), 17.3 (C25), 19.3 (C26), 24.0 (C27), 28.8 (C28), 29.2 (C29), 180.3
(€30),104.5 (C1'),81.0(C2'), 76.1 (C3"), 73.3 (C4'), 77.1 (C5'), 172.3 (C6'), 104.8
(€C17), 75.2 (C2"), 75.7 (C3"), 73.3 (C4"), 77.8 (C5"), 172.3 (C6"); 2Tyr-OMe:
172.9, 172.8, 157.5, 131.5-127.9, 116.4, 62.6, 61.7, 54.8, 54.8, 53.0, 52.9.
Found: N, 2.2%, calcd for CgHggN2040: N, 2.4%.

Compound 7: yield 58.8%; [o]3° +52° (c 0.04, MeOH). IR (v, cm™~'): 3600-3200,
1740, 1669, 1540. *C NMR (CD50D) 6 (ppm): 40.5 (C1), 27.4 (C2), 90.6 (C3),
40.2 (C4), 56.7 (C5), 18.0 (C6), 44.3 (C8), 63.4 (C9), 202.9 (C11), 129.2 (C12),
171.7 (C13), 46.8 (C14), 28.7 (C16), 45.2 (C20), 31.9 (C21), 39.3 (C22), 29.0
(€23), 17.2 (C24), 17.5 (C25), 19.2 (C26), 24.1 (C27), 29.2 (C28), 29.5 (C29),
180.8 (€30), 105.2 (C1’), 81.8 (€2'), 76.3 (C3"), 73.7 (C4'), 78.0 (C5'), 171.7 (CE'),
105.2 (C17), 76.1 (C2"), 76.5 (C3"), 73.6 (C4"), 77.3 (C5"), 171.7 (C6"); 2Val-
OMe: 173.4, 173.2, 59.3, 58.7, 53.0, 52.9, 32.6, 32.5, 19.7, 19.6. Found: N, 2.7%,
calcd for Cs4HgsN,015: N, 2.7%.

Kondratenko, R. M.; Baltina, L. A.; Vasileva, E. V.; Baltina, L. A.; Ismagilova, A. F.;
Nasyrov, K. M.; Baschenko, N. Z.; Kireeva, R. M.; Friedman, S. M.; Tolstikov, G. A.
Russian J. Bioorg. Chem. 2004, 30, 61.

Baltina, L. A.; Kondratenko, R. M.; Baltina, L. A.; Plyasunova, O. A.; Galin, F. Z.;
Tolstikov, G. A. Chem. Nat. Compd. 2006, 42, 543.

Kondratenko, R. M.; Baltina, L. A.; Mustafina, S. R.; Vasileva, E. V.; Pompei, R.;
Deidda, D.; Plysunova, O. A.; Pokrovskii, A. G.; Tolstikov, G. A. Russian J. Bioorg.
Chem. 2004, 30, 275.

Baltina, L. A.; Kondratenko, R. M.; Stolyarova, O. A.; Baltina, L. A.; Plyasunova, O.
A.; Pokrovskyi, A. G. Pharm Chem. J. 2010, 44, 299.

Baltina, L. A.; Serdyuk, N. G.; Flekhter, O. B.; Vasileva, E. V.; Spirikhin, L. V.;
Tolstikov, G. A. Mendeleev Commun. 1995, 178.

Baltina, L. A.; Stolyarova, O. V.; Kondratenko, R. M.; Gabbasov, T. M.; Baltina, L.
A.; Plyasunova, O. A.; llina, T. V. Chim.-Pharm. Zh. 2014, 48, 104.

Viruses and cells: Experiments were performed with influenza virus A/
California/07/09/H1IN1/pdm09 from the collection of viral strains from
Center for Disease Control and Prevention (CDC, Atlanta) in MDCK cells
(ATCC CCL 34).

Cytoxicity assay: Test compounds were dissolved in DMSO to 5 mg/mL, and the
serial twofold dilutions (1000-4 p/mL) were prepared in Eagle’s minimal
essential medium (MEM). MDCK cells were seeded in 96-wells plates and
cultivated in MEM with addition of 5% fetal calf serum. After the cell
monolayer formation the cells were washed by serum-free MEM, the
dilutions of test compounds were applied to the MDCK cells and incubated
for 48 h at 37 °C. After being incubated, the cells were washed twice with PBS
and number of viable cells was evaluated by a microtetrazolium test (MTT).
Briefly, 3-(4,5-dimethyltiazolyl-2)-2,5-diphenyltetrazolium bromide (ICN
Biochemicals Inc., Aurora, Ohio, 0.5 mg/mL, 0.1 mL per well) was added with
subsequent incubation of plates at 37 °C in 5% CO, for 60 min. The colored
deposit was dissolved in 100 pL of DMSO. The plates were swirled gently and
left in the dark at RT for 30 min. Optical density was measured by using a
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spectrophotometer (Victor 1420, Perkin Elmer, Finland) at wavelength 535 nm.
Based on this data, the CTDs, (compound concentration required to reduce 50%
cell viability) value was estimated for each compound.
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Antiviral assay: The serial twofold dilutions of compounds were prepared in
MEM containing 2 mM arginine, 2 mM glutamine and 2 pg/mL trypsin and
applied to MDCK cells. After being incubated for 1 h at 37 °C the cells were
inoculated with influenza virus in a dose 1-10° of 50% infecting dose (IDsq).
Cells that were not treated by the compounds were used as control. After
cultivation for 48 h at 36 °C the hemagglutination assay was carried out as
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51.
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follows. Supernatant (100 pL) was transferred into round-bottom wells and
mixed with 100 pL of 1% suspension of chicken erythrocytes followed by 1 h
incubation at rt. The virus titer was considered as a reciprocal to the final
dilution of the inoculum able to cause a positive hemagglutination in 50% of
wells and expressed in 50% infecting doses. Anti-viral activity of test
compounds was evaluated by their ability to decrease the virus titer. Based
on the results, 50% of the effective dose (concentration of compound which
decreases virus production two-fold comparing to control) and selectivity
index (SI, relation of CTDs, to EDsg) were calculated.
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